We measure the clustering of Extremely Red Objects (EROs) in ≈ 8 deg 2 of the NOAO Deep Wide Field Survey Boötes field in order to establish robust links between ERO (z ≈ 1.2) and local galaxy (z < 0.1) populations. Three different color selection criteria from the literature are analyzed to assess the consequences of using different criteria for selecting EROs. Specifically, our samples are (R − K s ) > 5.0 (28, 724 galaxies), (I − K s ) > 4.0 (22, 451 galaxies) and (I − [3.6]) > 5.0 (64, 370 galaxies). Magnitude-limited samples show the correlation length (r 0 ) to increase for more luminous EROs, implying a correlation with stellar mass. We can separate star-forming and passive ERO populations using the (K s − [24]) and ([3.6] − [24]) colors to K s = 18.4 and [3.6] = 17.5, respectively. Star-forming and passive EROs in magnitude limited samples have different clustering properties and host dark halo masses, and cannot be simply understood as a single population. Based on the clustering, we find that bright passive EROs are the likely progenitors of 4L * elliptical galaxies. Bright EROs with ongoing star formation were found to occupy denser environments than star-forming galaxies in the local Universe, making these the likely progenitors of L * local ellipticals. This suggests that the progenitors of massive 4L * local ellipticals had stopped forming stars by z 1.2, but that the progenitors of less massive ellipticals (down to L * ) can still show significant star formation at this epoch.
1. INTRODUCTION The pioneering K-band near-infrared survey of Elston, Rieke, & Rieke (1988) was the first to identify galaxies with red colors of (R − K) > 5, and hypothesised these to be either a new class of galaxy at z > 6, or ellipticals at z > 1. Graham & Dey (1996) named these galaxies Extremely Red Objects (EROs) for their extreme optical to infrared (IR) colors (e.g., (R − K) Vega > 5.0, (I − K) Vega > 4.0, ) Vega > 6.5) and recorded the first redshift for an ERO of z = 1.44. We now know that the class of EROs consists of two z > 0.8 sub-populations: galaxies with old red stellar populations (e.g., Spinrad et al. 1997) or star-forming galaxies with strong dust-obscuration (e.g., from interaction and/or orientation; Dey et al. 1999; Yan & Thompson 2003) .
Since the highest mass galaxies at this redshift are often found to be EROs ( 10 11.5 M ⊙ ; e.g., Moustakas et al. 2004; Conselice et al. 2008) , and because EROs also exhibit very strong clustering, comparable to the local clustering of massive elliptical galaxies (e.g., Daddi et al. 2000 Daddi et al. , 2002 Brown et al. 2005) , EROs have been posited as the progenitors of massive local ellipticals. This is important because the formation history of massive galaxies provides a crucial test of galaxy formation models. A key part of any such test is to link high and low redshift galaxy populations, and with the advent of large-area IR surveys, EROs provide an ideal and easily accessible testing ground for this purpose (Gonzalez-Perez et al. 2009 ).
One powerful means of linking galaxy populations across redshift is through clustering and the (dark matter) halo occupation model (e.g., Moustakas & Somerville 2002) . In the case of massive dark matter halos, simulations of dark matter structure evolution such as the Millennium Run (Springel et al. 2005) demonstrate that massive halos evolve rapidly in mass but little in (comoving) space over cosmic time. Since the most massive galaxies occupy the most massive halos (e.g., Seljak 2000) , they too grow in mass but their (comoving) spatial distribution evolves slowly. This means that accurate measurements of ERO spatial clustering and host halo mass can be used to link these massive z 0.8 galaxies with local galaxy populations. Previous studies have all found that EROs are very strongly clustered (e.g., Daddi et al. 2000; Firth et al. 2002; Roche et al. 2002; Daddi et al. 2002; Brown et al. 2005; Georgakakis et al. 2005; Kong et al. 2006 Kong et al. , 2009 Kim et al. 2011) . However, the existing estimates of the clustering strengths, as measured by the scale r 0 where the two-point correlation strength is unity, show a broad range (r 0 = 5.5 − 17h −1 Mpc) that makes it difficult to link the higher redshift EROs with local galaxy populations. Many of these discrepancies are likely due to differing selection criteria and cosmic variance due to small survey areas and sample sizes. Differences in methodology between studies, such as redshift distribution models and uncertainty estimates, are also possible contributors. We discuss the consequences of these factors below.
The diversity in ERO selection criteria are largely due to pragmatic choices for selecting high-redshift galaxy populations in different data sets. The present range of ERO selection criteria include (but are not limited to): (R − K) Vega > 5.0 (e.g., Brown et al. 2005) , (I − K) Vega > 4.0 (e.g., Kong et al. 2009) , (R − H) Vega > 4.0 (e.g., Firth et al. 2002) and (R − [3.6]) Vega > 6.5 (e.g. Wilson et al. 2004 ). The consequences of using different ERO selection criteria have been considered in some studies (e.g., Yan & Thompson 2003; Wilson et al. 2004; Conselice et al. 2008; Kim et al. 2011) . Conselice et al. (2008) found that ≈ 60% of EROs were selected by both (I − K) and (R − K) criteria, with the main difference being a shift in the mean redshift (z). Similarly, Kim et al. (2011) attribute the difference in clustering between (r − K) and (i − K) selected EROs to be a consequence of their difference inz. Wilson et al. (2004) replaced the K-band with IRAC 3.6µm, and suggested that ERO samples selected by this color will include more dusty EROs with star formation than K−band selected EROs (as we will discuss in §3.2).
Morphological and spectroscopic studies of EROs show them to be a mixture of galaxies with and without star formation (e.g., Smail et al. 2002; Moustakas et al. 2004; Stern et al. 2006; Wilson et al. 2007; Conselice et al. 2008; Kong et al. 2009 ). The relative fractions of dusty galaxies with active star formation (hereafter, star-forming), and galaxies dominated by old stellar populations and little ongoing star formation (hereafter, passive) depends on the ERO selection criteria and the limiting magnitude (e.g., Moustakas et al. 2004; Conselice et al. 2008) . The sub-populations can be very broad, as star-forming EROs can have star formation rates (SFRs) of between 10−200 M ⊙ /yr (e.g., Messias et al. 2010) , but distinguishing further between sub-populations of starforming EROs is beyond the scope of this study. Separating passive from star-forming EROs is important because we should not expect the two ERO types to possess the same stellar mass, occupy the same mass dark matter halos or be the progenitors of the same local galaxy populations.
Different fractions of these two ERO sub-populations selected by different ERO criteria may well explain the large differences seen in ERO clustering studies. Unfortunately, accurate morphological and spectroscopic classifications are often unavailable for the sources used in ERO clustering studies. In most cases, colors are used to distinguish between star-forming and passive EROs. NIR colors (e.g., (J − K); Kim et al. 2011) cannot adequately distinguish between the ERO types if they do not bracket or straddle the 4000Å break, which does not work for all EROs (only z 1.4), and requires high precision photometry (e.g., Stern et al. 2006) . The mid-IR color techniques introduced by Stern et al. (2006) ([3.6 ] − [24]) and Wilson et al. (2007) ([3.6] − [8.0] ) are more promising because they use the emission from hot dust in star-forming galaxies to obtain a better separation of the two ERO types. However, these mid-IR color techniques require space observatory imaging, which is not always available.
Accurate spatial clustering measurements require reliable redshift distributions, but there are relatively few EROs with spectroscopic redshifts (e.g., Graham & Dey 1996; Dey et al. 1999; Cimatti et al. 2002; Conselice et al. 2008) , and spectroscopic samples at high-redshift are vastly incomplete (e.g., Cooper et al. 2007 ). Typically, redshift distributions are assumed to have a particular shape or are derived from photometric redshifts or both. This can be a problem because spatial clustering analyses are strongly dependent on the shape of the redshift distribution, contributing to the spread in previous clustering estimates. Unfortunately, using photometric redshifts and models of the redshift distribution remains the best methodology available at present.
An additional problem is that the angular correlation function (w(θ)) is usually fit as a fixed power-law, which may not correctly represent the data even if it is the only option given the sample sizes (e.g., Firth et al. 2002; Georgakakis et al. 2005) . Furthermore, the uncertainties in the correlation function are frequently assumed to be Poisson with no correlations between data points (e.g., Kong et al. 2009; Kim et al. 2011 ). An incorrect power law, possibly combined with a poor uncertainy model can easily result in incorrect estimates of the spatial correlation length. A likely consequence of these problems is the broad range of ERO clustering estimates that are consistent with their having been the progenitors of anything from local L * ellipticals to Abell type clusters (see, Norberg et al. 2002; Abadi et al. 1998 , for corresponding local galaxy population r 0 values, respectively).
In this paper we present a comprehensive measurement of ERO clustering. The sample sizes and survey area are large enough to address all these problems. (Jannuzi & Dey 1999) , respectively. The NDWFS Boötes field provides a factor of three larger survey area than any previous ERO clustering study. We study three ERO samples using the selection criteria, (R − K s ) > 5.0, (I − K s ) > 4.0 and (I − [3.6]) > 5.0, in an attempt to establish the differences and similarities between these samples and to better understand previous results. Our ERO samples contain 28, 724 (R− K s ) > 5.0, 22, 451 (I − K s ) > 4.0 and 64, 370 (I − [3.6]) > 5.0 selected EROs, down to magnitude limits of K s < 19.4, K s < 19.4 and [3.6] < 18.5, respectively. The sample sizes are 5 times larger than any previous study, and 10 times larger than our previous study of EROs in Boötes (Brown et al. 2005) .
We use optical NDWFS B W RI photometry (Jannuzi & Dey 1999) , spectra from the Active Galactic Nuclei (AGN) and Galaxy Evolution Survey (AGES; Kochanek et al. 2012) and various small projects with instruments including Keck, Gemini and the Kitt Peak National Observatory Mayall 4m, in conjunction with IRAC photometry from the Spitzer Deep Wide-Field Survey (SDWFS; Ashby et al. 2009 ), NEW-FIRM K s -band photometry (Gonzalez et al. (in prep.) ), and MIPS 24 µm photometry from the MIPS AGN and Galaxy Evolution Survey (MAGES; Jannuzi et al. 2010 ). We test mid-infrared ERO separation techniques utilizing equivalent B W RIK s and IRAC photometry (Bundy et al. 2006; Dey et al. 2007; Barmby et al. 2008) , MIPS photometry from the Far-Infrared Deep Extragalactic survey (FIDEL; Dickinson & FIDEL team 2007) and DEEP2 spectroscopic indicators and 1D spectra (Yan et al. 2009; Newman et al. 2012 , and references therein) in the Extended Groth Strip (EGS). This paper is structured as follows. We describe the data sets, photometry and photometric redshift estimation in §2. Our ERO samples are defined and our ERO separation technique is described in §3. In §4 we present our clustering analysis and results, followed by a discussion and summary in §5. Throughout this paper, unless otherwise specified, all magnitudes are in the Vega magnitude system. Spitzer IRAC and MIPS magnitudes are quoted using square brackets (e.g., 3.6 µm is [3.6] (Kochanek et al. 2012) provides redshifts for the brightest EROs in the field, while the spectra for the fainter EROs come from various small projects using Keck, Gemini and the Kitt Peak National Observatory Mayall 4m telescope.
Source catalogues were generated by running SExtractor (Bertin & Arnouts 1996) in single-image mode on both the I−band and 4.5 µm images. Catalogues were merged after accounting for astrometric offsets. We make a pragmatic choice to use the 4.5 µm-selected catalogue for source positions and photometry, as this catalogue was readily available and better represents 3.6 µm sources than I-band. This is because objects can be so red as to be detected at 4.5 µm but not in the optical. The colors of [3.6] < 18. Photometry in all other bands is measured at the 4.5 µm detected source positions. For the case of objects detected in the 4.5 µm-selected catalogue but with non-detections in I-band and R-band, we assign conservative upper limits of I = 24 and R = 25. These magnitude limits are sufficiently bright so that there are no variations in the galaxy distribution due to the varying depths of the different pointings. We have tested this by inspecting the uniformity of the galaxy distribution for faint magnitude slices about these assigned limits. Our three ERO criteria are shown as applied to the 4.5 µm source catalogue (with imaging quality masks applied to remove unusable areas of the Boötes field) in Figure 1 .
We measured aperture photometry using our own analysis code, which estimates uncertainties using a Monte Carlo approach. The optical and near-IR images were smoothed to a common point spread function (PSF) of 1.
′′ 35 (corresponding to the worst seeing) in the B w RIHK-bands and 1.
′′ 60 in J−band, prior to running the photometry code, so that the fraction of the flux measured with small aperture photometry did not vary with position. The fluxes were PSF corrected and measured using multiple aperture diameters of 4 ′′ − 10 ′′ in 1 ′′ steps, corresponding to physical distances of ≈ 24 − 160 h −1 kpc at z = 1.0 respectively. We then assign the default aperture size for color and magnitude measurements using a sliding scale based on the 6 ′′ aperture I−Band apparent magnitude, where fluxes for objects with I > 23.0 are measured through a 4 ′′ aperture and the fluxes for objects with I < 20 are measured through 10 ′′ apertures, which is sufficient to mitigate aperture bias. Astrometric offsets between bands were measured and corrected. The residuals were far smaller than our aperture size making them negligible. Jannuzi & Dey (1999) and Brown et al. (2007) provide additional details for the NDWFS data and Ashby et al. (2009) provide details for the SDWFS IRAC photometry.
The 24 µm fluxes were measured using PSF photometry on the MAGES images (Jannuzi et al. 2010) for each source in the 4.5 µm-selected catalogue, with uncertainties determined using a Monte Carlo method. The NEWFIRM K s catalogues are described in Gonzalez et al. (in prep.) . We used an exposure time-weighted map to exclude poor photometry in the K s -band and we only use photometry from regions where the exposure map was greater than 40% of the maximum for the NEWFIRM images. Aperture diameters for the NEWFIRM K s data were determined as described above.
To test some of the techniques used in this paper, we also employ 6,285 galaxies observed through identical B w RI , K s (Bundy et al. 2006) , IRAC (Barmby et al. 2008) , MIPS (FIDEL; Dickinson & FIDEL team 2007) filters and with DEEP2 DR3 spectra (Yan et al. 2009; Newman et al. 2012 , and references therein) from the Extended Groth Strip (EGS). Photometry for these catalogues was measured and matched as described above.
Photometric Redshifts
Photometric redshifts (z phot ) were estimated using the artificial neural network based ANNz code (Firth et al. 2003) . Our spectroscopic training set was largely derived from AGES (Kochanek et al. 2012) , various small NDWFS projects and DEEP2 spectroscopy of the EGS (Yan et al. 2009 ). At z > 0.6 and I > 20.5, there are relatively few galaxies, so we expanded the training set by making fainter copies of bright galaxies with modified colors (to preserve color-magnitude relations). Objects with colors outside the range of the z < 1.6 training set were not assigned a z phot , as ANNz has a limited ability to extrapolate. Objects with z spec > 1.6 that are assigned a z phot have systematically underestimated z phot for the same reason, as can be seen in Figure 2 . Figure 2 demonstrates the accuracy of our z phot estimation for 273 ERO I3.6 galaxies. These galaxies were included in the ANNz training set, which allowed it to span the color of EROs. We find that 68% of our z phot estimates for 20 < I < 24 EROs are within 11% of their corresponding spectroscopic redshift (z spec ), or σ z /(1 + z) ≈ 0.06. The z phot were determined using our I−band selected catalogue out to I < 23.5 and later matched to objects in the 4.5 µm-selected catalogue by astrometry. Due to the limited number of z spec available for our EROs, we cross-checked our z phot against the template z phot of Brodwin et al. (2006) and find good agreement between the two catalogues.
The fraction of catastrophic z phot errors, which we define as when when ∆ z = |z phot − z spec | > 3σ z , is ≈ 6%. At z ≈ 0.5, stellar spectral features around ≈ 2.3µm produce red ([3.6] − [4.5]) colors. This can confuse ANNz and is likely responsible for the systematic overestimation of z phot for objects with 0.4 < z spec < 0.7 shown in Figure 2 . The likely reason for systematic z phot underestimates of objects with z spec > 1.6 is as described earlier.
We note that our spectra do not uniformly cover the magnitude and redshift range of our sample. There are very few z > 1.5 galaxy spectra in Boötes and a large number of z < 0.8 spectra from AGES. Since the very red nature of EROs limits the redshift of our sample to z 0.8, the fraction of z ≈ 0.5 galaxies contaminating our sample is probably overestimated in Figure 2 . We discuss our method for managing these z phot errors, as well as our method for estimating the overall redshift distributions for our samples in §4.2.
2.3. Star and Quasar removal AGES spectra were used to identify 241 stars and 464 quasars (QSOs) in our 4.5 µm-selected catalogue. Some of the AGES selected stars will have peculiar colors because they were targeted as candidate AGN (e.g., X-ray sources). We used the (R − I) and (I − [3.6]) color distribution of these stars to define a cut to remove these from our ERO samples. This star removal cut, of sources with (R − I) > 0.46(I − [3.6]) − 0.26, and with (I − [3.6]) < 5.1, which is shown in Figure 3 , removes 58, 790 objects from the 4.5 µm-selected catalogue. Figure 3 demonstrates that due to the extremely red color of Figure 2 . z phot vs. zspec for 273 ERO I3.6 galaxies in the NDWFS Boötes field with both photometric (z phot ) and spectroscopic redshift (zspec) estimates. 68% of our z phot estimates for 20 < I < 24 EROs are within 11% (indicated by the dashed lines) of their corresponding spectroscopic redshift (zspec), or σz/(1 + z) ≈ 0.06. The results are similar for 20 < I < 22 (triangles) and 22 < I < 24 (squares), which demonstrate reasonable stability in z phot accuracy between 20 < I < 24. The fraction of catastrophic outliers, defined as when ∆z = |z phot − zspec| > 3σz, is ≈ 6%.
EROs, this star cut excludes 100% of stars with a negligible impact on the ERO samples.
There are multiple IRAC color AGN selection criteria in the literature (e.g., Lacy et al. 2004; Stern et al. 2005) . Due to the ([3.6] − [4.5]) colors of z 1 galaxies, the Stern et al. (2006) AGN criterion deliberately removes a large number of EROs. Using the colors of AGES identified quasars, we demonstrate in Figure 4 the effectiveness of the IRAC color selection introduced by Lacy et al. (2004) for the ERO samples. Figure 4 shows that quasars selected by our ERO criteria occupy a region of color space corresponding to a distinct tail within the Lacy et al. (2004) AGN region. We have modified the Lacy et al. (2004) color criteria to conservatively select AGN in this distinct tail seen above the ERO populations in Figure 4 . It is clear that this selection criteria is not 100% effective, but our aim is to select a complete ERO population, not a complete sample of AGN. The AGN cut removes 71, 664 AGN from the 4.5 µm-selected catalogue.
After application of both of these stellar and QSO removal cuts, our 4.5 µm source catalogue is reduced from 556, 703 to 426, 249 objects. Since the K s -band photometry was filtered by an exposure time weight map, the 4.5 µm source catalogue including good K s -band photometry is reduced to 366, 070 objects. ple magnitude limits were set to correspond to the flattening in surface density (N) seen in Figure 5 . SDWFS is 80% complete at [3.6] = 18.2, and this limit is also consistent with our 5σ I−band and [3.6] detection limits (Jannuzi & Dey 1999; Ashby et al. 2009 ). Throughout this paper we take K s ≈ [3.6] + 1.4, based on the average of K s − [3.6] for our EROs.
SAMPLES
The fraction of 4.5 µm-selected sources meeting the ERO I3.6 criterion was found to increase with increasing limiting magnitude, from 19% at [3.6] < 17.5 to 57% at [3.6] < 18.5. Similarly, the respective fractions of 4.5 µm-selected sources meeting the ERO RK and ERO IK criteria were also found to increase with increasing limiting magnitude from 11% and 6% at K s < 18.4 to 48% and 35% at K s < 19.4. The fractional increase in EROs with increasing apparent magnitude for the ERO RK and ERO IK samples is 29 − 37%. The ERO I3.6 sample has a fractional increase of 38% and selects a much larger number of high-redshift galaxies than both ERO RK and ERO IK samples. The ERO RK criterion selects a greater fraction than the ERO IK criterion, this is likely due to the difference in mean redshift between these two samples.
As shown in Figure 5 , the surface density of the ERO RK sample is consistent with that of our previous study of a subfield of Boötes for the same selection criteria (Brown et al. 2005) . Furthermore, if we raise our criteria to (R − K s ) > 5.3 to match that of Conselice et al. (2008) we find good agreement in surface density. Likewise, we see good agreement between our ERO IK sample and the (I − K) > 4.0 EROs of Conselice et al. (2008) . To compare with the (i − K) > 3.96 EROs of Kong et al. (2009) , we tested the surface density of (I − K s ) > 3.7 (which roughly corresponds to (i − K) > 3.96) objects and also found good agreement in surface densities.
In Figure 6 we show the model redshift distributions for EROs out to the magnitude limits for each of our samples. The mean redshift (z) of the ERO RK sample,z = 1.13, is lower than that of the ERO IK sample, withz = 1.19, in agreement with previous work (e.g., Conselice et al. 2008; Kim et al. 2011) . We find that the ERO I3.6 sample has a very similar redshift distribution to the ERO IK sample, withz = 1.17, although with far greater number density. Since all our samples contain at least 9000 objects with photometric redshifts, the statistical uncertainties in the mean redshift are negligible (< 1%) and we are dominated by systematic uncertainties.
Figures 3 and 4 illustrate in color space the similarities and differences between the ERO I3.6 , ERO RK and ERO IK samples. We see that there is significant overlap between the samples selected by the three ERO selection criteria. Quantitatively, the bulk (> 86%) of the ERO IK sample is a sub-sample of both the ERO I3.6 and ERO RK samples. Of the ERO RK sample, 78% have (I − [3.6]) > 5.0, however only ≈ 55% of the ERO I3.6 sample have (I − K s ) > 4.0 and (R − K s ) > 5.0. The differences are likely due to the ERO I3.6 having a greater surface density because at 3.6 µm we are detecting rest frame NIR emission which is less obscured by dust. Thus, both the ERO RK and ERO IK samples are largely sub-sets of the ERO I3.6 sample, but with different mean redshift. To determine whether there is a relationship between ERO clustering strength and luminosity, we separate each ERO sample into four [3.6] and K s magnitude-limited sub-samples as defined in Tables 5 and 5 . Again, since all of our samples contain at least 1000 objects with photometric redshifts, the statistical uncertainties in the mean redshifts are negligable. 
ERO Type Separation
At low redshift the clustering of passive galaxies differs from that of star-forming galaxies (e.g., Zehavi et al. 2010) , but this may change with redshift (e.g., z 1.3 − 2.0; Cooper et al. 2007; Brodwin et al. 2008) . There is no reason to expect passive and star-forming galaxies to occupy the same halos and have identical clustering properties. It is thus both interesting and necessary to separate star-forming EROs from passive EROs in order to determine if they show differing clustering properties. If star-forming EROs have distinctly different clustering properties from their passive counterparts, it would show that they are two distinct population of galaxies, and it would mean that they are the progenitors of two very different populations of local Universe galaxies. It would also mean that clustering studies of mixed ERO populations cannot be used to accurately link EROs to local galaxy populations.
To independently measure the clustering of passive and star-forming EROs, we use the wealth of data in the EGS to explore mid-IR color separation techniques using IRAC (Wilson et al. 2007 ) and MIPS (Stern et al. 2006) colors. These techniques are physically motivated by polycyclic aromatic hydrocarbon (PAH) emission from warm dust in starforming regions. The ([3.6] − [8.0]) color is able to separate the ERO types as long as the strong PAH emission features lie in 8.0 µm band, but this ceases to be true for z 1. Stern et al. (2006) showed that the difference in ([3.6] − [8.0]) color between a star-forming ERO and a passive ERO can be very small for archetypal star-forming and passive EROs. Kong et al. (2009) Figure 7 , (K s − [24]) color versus K s magnitude is shown for 0.6 < z < 1.5 galaxies in the EGS that have B w RIK s , IRAC, 24 µm and DEEP2 detections. We independently identify passive EROs using the DEEP2 D4000 spectroscopic indicator, which provides a measure of the strength of the 4000Å break. D4000 > 1.5 is used to indicate an evolved stellar population. To independently identify the star-forming EROs, we use a DEEP2 rest-frame [OII] equivalent width > 5.0Å to identify galaxies with significant active star formation. Only DEEP2 spectroscopic indicators with a 3σ detection were used in this analysis.
The FIDEL 24 µm catalogue has a 3σ depth of 30 µJy, so we use this as the upper limit on any source without a 24 µm detection. The Boötes field 24 µm data (MAGES) has an RMS of 40 µJy and thus a 2σ depth of 80 µJy. To determine how the noisier and shallower MAGES data will effect population separation criteria, in Figure 7 we have applied additional Gaussian scatter to the FIDEL data to mimic the RMS noise level of MAGES. The two populations start to merge at K s = 18.4 and [3.6] = 17.5, so the 2σ detection limit of MAGES prevents us separating the two populations at fainter magnitude.
Since the 3.6 µm imaging in SDWFS is significantly deeper than the NEWFIRM K s in Boötes, not every source with a 3.6 µm detection will have a good K s detection. To achieve better separation for the ERO I3.6 sample we tested using the ([3.6] − [24]) color as a separation method. Figure 8 shows that this also works in a similar manner to the (K s − [24]) color. In both Figures 7 and 8 the EROs with strong D4000 and those with strong [OII] are well separated. This is further supported by the histograms in Figures 7 and 8 which show a bimodal distribution in color, but with some overlap, for these two spectral indicators. Some galaxies have both strong D4000 and [OII] . For these objects we visually inspected the DEEP2 1D spectra to confirm the color classification and found that it accurately distinguished between a passive and star-forming galaxies in at least 90% of cases.
We empirically place a discriminator between passive and star-forming EROs where the base of the strong D4000 distribution (seen in Figures 7 and 8 ) and the respective color for an object at the 24 µm detection limit meet. Using a 2σ detection limit for a MAGES source, we can use this separation technique out to K s = 18.4 and [3.6] = 17.5, with discriminators at (K s − [24]) = 6.0 and ([3.6] − [24]) = 5.2, respectively. We consider 2σ a significant limit for the purposes of this work as we are interested in whether the source is emitting at 24 µm rather than its specific flux. Since the placement of these discriminators is empirical, we varied the discriminators by ±0.2, and found no significant change in the separated samples and final clustering results.
We Tables 5 and 5 , including the sample size, magnitude limit,z and relative fractions of the combined ERO samples to the same limiting magnitude. As a check, the archetypal star-forming ERO HR10 (Graham & Dey 1996) There is some contamination on both sides of our color criteria and the level of contamination increases for fainter sources in both Figures 7 and 8. One possible physical reason for this is that PAH emission at observed 24 µm varies with redshift. There is also rest-frame 10 µm silicate absorption which would be observed at 24 µm from a z ≈ 1.3 ERO. Con- tamination of this nature would therefore increase for fainter EROs since these are more likely to have higher redshifts.
Alternatively, EROs are probably not simply archetypal passive and star-forming galaxies. If we assume that the SED of a passive galaxy with little dust roughly follows a blackbody at long wavelengths, we can approximate the expected 24 µm flux by the Rayleigh-Jeans tail. For LBDS 53W091 with a 3.6 µm flux of 35 µJy, we expect an approximate 24 µm flux of 0.02 µJy and so should have no 24 µm detections for truly passive galaxies. However, there are objects with both a 24 µm detection and strong D4000 in both Figures 7 and 8. The (K s − [24]) and ([3.6] − [24]) colors are effectively sampling the specific star formation rate (SSFR) of these galaxies. Therefore, these mixed cases are likely passive galaxies with some star formation and/or an AGN. To crosscheck that this is the case, we further examine our cut against purely 24 µm non-detected and detected samples, indicating star formation rate (SFR) only (discussed in §4.3).
We show the application of these separation criteria to the Boötes field ERO RK and ERO I3.6 samples in Figures 9 and 10 , Tables 5 and  5 ).
The relative fractions of star-forming and passive EROs varies between the different ERO selection criteria. At K s < 18.4, the ERO RK sample shows a star-forming fraction of 30%. Similarly, at K s < 18.4, the ERO IK sample shows a star-forming fraction of 32%. In contrast, at [3.6] < 17.5, the ERO I3.6 sample has a significantly higher star-forming fraction of 41%. The star-forming fractions found for the ERO RK and ERO IK samples are consistent with previous studies (e.g., the fraction of peculiar galaxies; Conselice et al. 2008 , (R − K s ) > 5.3). The relative fraction of star-forming EROs in the ERO I3.6 sample is consistent with that found by Kong et al. (2009) using (i − K) > 3.96. Moustakas et al. (2004) used a (R − K s ) > 5.0 ERO cut and found a passive ERO fraction of only 33 − 44%, but this study went to a much fainter K s < 22 flux limit. We observe in all three ERO samples an increase of star-forming ERO fraction with increasing apparent magnitude (see Tables 5 and 5, and Figures 7 , 8, 9 , and 10) and this is consistent with the fraction of starforming EROs increasing with decreasing luminosity and stellar mass (e.g., Moustakas et al. 2004; Conselice et al. 2008; Kong et al. 2009; Kim et al. 2011 ).
ANALYSIS
In this section we analyze the angular and spatial clustering of our ERO samples. Using these methods, we place the EROs in an evolutionary sequence and make links to local galaxy populations. In §4.1 we study the angular clustering of each ERO sample as a function of limiting magnitude and ERO color and selection criterion. The three ERO samples studied, ERO RK , ERO IK and ERO I3.6 , allow us to explore this to some degree across different redshift intervals. We build model redshift distributions in §4.2 and discuss the effects and limitations of the photometric redshifts used to generate them. We combine the angular clustering and the redshift distribution models to estimate the spatial correlation function in §4.3. We also analyze the spatial correlation function as a function of limiting magnitude and ERO color and selection criterion. We use the clustering of EROs and dark matter halos to connect EROs to other galaxy populations across redshift in §4.4. Finally we estimate the host dark matter halo masses of our EROs in §4.5.
The angular correlation function
We measured the angular correlation function for each magnitude limited sample using the Landy & Szalay (1993) 
where, DD, DR and RR are the number of Data-Data, DataRandom and Random-Random galaxy pairs at angular separation θ ± δθ/2 respectively. Pairs were counted in logarithmically spaced angular bins with ∆log 10 θ = 0.25. Since any survey area represents a subset of the Universe, estimators such as Equation (1) are subject to an integral constraint 
where θ 12 is the angular separation between solid angle elements dΩ 1 and dΩ 2 . Since Equation(1) is normalized by itself, the integral constraint leads to a systematic underestimate ofŵ(θ) which is corrected by the addition of the variance term,
This corrects for the contribution to clustering from the variance in number counts over the finite survey area Ω. We estimate the uncertainty in each angular correlation function bin using a modification to the Gaussian approximation to the covariance matrix discussed in Brown et al. (2008) . Our measured w(1 ′ ) values are well below unity, so we consider our uncertainty estimates valid to first order.
The angular correlation functions for the ERO RK K s < 18.4, ERO IK K s < 18.4 and ERO I3.6 [3.6] < 17.0 ERO samples are presented in Figure 11 . Each of these ERO samples shows similar clustering statistics, which is an indication that similar galaxy populations are being included by each criteria. We then fit the angular correlation function for each sample using χ 2 statistics including the full covariance matrix for the uncertainties and the functional form,
Many studies use a fixed value for γ (e.g., Firth et al. 2002; Roche et al. 2002; Brown et al. 2005; Kong et al. 2009; Kim et al. 2011 ) because they have insufficient data to constrain γ. With our larger sample sizes (N 2000), we are able to leave the power law γ as a free parameter. To better compare with the prior literature and for our smaller samples with 1000 N < 2000, we also fit the correlation function with a fixed γ = 1.80 (e.g., Kong et al. 2009; Kim et al. 2011) . It should be noted that due to our field size, samples with N < 500 do not produce reliable correlation functions and have been removed from our final results. In many cases the reduced χ 2 for our fits are distinctly greater than unity. We consider this an indication that a simple power law is not an adequate description of galaxy angular correlation functions. Some studies have tried to compensate for this with a double power law (e.g., Kim et al. 2011) . However, this is again an empirical approximation and has no physical basis. For a robust analysis of galaxy correlation we must consider a more complex model of galaxy clustering such as galaxy-dark matter halo models (e.g., the Halo Occupation Distribution; Seljak 2000), which we will address in a future paper.
The angular clustering of EROs is strongly dependent on limiting magnitude. As shown in Figure 12 , the brightest sample for each ERO criterion has a w(1 ′ ) clustering amplitude that is a factor of ≈ 3 stronger than the faintest sample (as before, we take K s ≈ [3.6] + 1.4, based on the average of K s − [3.6] for our EROs). A complete summary of our combined ERO angular clustering analysis results is presented in Tables 5 and 5 . For ERO samples sub-divided by type, we observe stronger angular clustering for passive EROs in all three ERO samples. In all cases but the ERO RK K s < 17.9 sample, the w(1 ′ ) clustering amplitude of the star-forming and passive ERO subsamples straddles that of the combined ERO sample. Figure 13 shows angular correlation functions for ERO I3.6 , [3.6] < 17.5 combined and type-separated samples. There is no clear distinction between the passive, star-forming and mixed ERO RK and ERO IK samples, but the trend is the same as for the ERO I3.6 sample. Separated sample results are presented in Tables 5 and 5. Freely fitted values for γ were found to range between γ = 1.58 − 1.98 for the combined ERO samples with a typical uncertainty of σ γ = 0.05 − 0.10. The passive EROs consistently yield a steeper power law index than the star-forming ERO populations (excepting the ERO RK K s < 17.9 sample), as can clearly be seen in Figure 13 . If we take the slope of γ as an indicator of environment, where on the scale of ≈ 1 Mpc a steep slope implies a more clustered distribution and a shallow γ a smoother distribution, this implies that passive EROs typically occupy denser environments than star-forming EROs.
ERO redshift distribution
To transform the angular correlation function to a real-space correlation function we need to know the distribution of EROs in redshift. The redshift distribution (hereafter dN/dz) for each ERO sample was determined by number counts in bins of ∆z phot = 0.02 over 0 < z phot < 2. The ANNz code assigns galaxies with the same observed photometry to a particular z phot , while the true z spec for these galaxies will be scattered above and below the z phot and in some cases catastrophically under/over-estimated (see Figure 2) . In our particular case, since the ERO cut selects a particular redshift distribution analogous to a redshift bin, we expect the true redshift distribution to be somewhat broader than given by the dN/dz (z phot ). This effect is clearly observed in Figure 6 .
We therefore need to model the true dN/dz (z) based on the dN/dz (z phot ).
We build our dN/dz (z) models in a two stage process. Firstly, we replace the z phot of each galaxy with a Gaussian probability distribution accounting for 90% of each galaxy's distribution in redshift, where µ = z phot and σ is a function of I−band magnitude, (B W − R) color and z phot . This accounts for the accuracy of the photometric redshift itself. Secondly, we account for catastrophic z phot errors with a second Gaussian probability distribution making up the remaining 10% of each galaxy's distribution in redshift, where µ = z phot and σ = 0.5. This corresponds to the ≈ 6% of galaxies having ∆ z > 3σ z z/(1 + z), as observed in the data. The outliers need not be precisely modelled, as the Limber (1954) 2 . The choice of 10% was made to better match the z spec distribution. Our resultant dN/dz (z) models are reasonable representations of the true redshift distribution, as shown by the examples in Figure 6 .
Thez for each of our ERO samples is given in Tables 5,  5 , 5 and 5, and for the reasons discussed in §2.2 we do not quote uncertainties on these values. As demonstrated by Figure 6 , the ERO RK sample has lowerz than both the ERO IK and ERO I3.6 samples, while the ERO I3.6 and ERO IK have similar z. Fainter magnitude limited samples have higherz, which is expected as a fainter limiting magnitude will include a larger number of more distant galaxies. The passive EROs and starforming EROs in the type-separated samples have very similarz to each other.
Reliable z phot are only assigned to objects with I < 23.5, therefore not all of the EROs in our sample are assigned a z phot . We account for this in two ways. For EROs with no z phot , we assume that they have a dN/dz (z) similar to those with z phot , and simply scale up dN/dz (z) to the full sample size. We do this for completeness, and it has little impact on the clustering results because the Limber (1954) equation (discussed in §4.3) only depends on the shape of dN/dz (z). We also provide in Tables 5 and 5 a complete clustering analysis including only objects with z phot information for comparison. In all but our faintest magnitude limited samples, > 50% of EROs in each sample have z phot information and the modelled dN/dz is considered a valid representation of the entire sample.
It should be noted that when using smaller sample sizes but with an identical dN/dz (z), the clustering length of the z phot only samples (shown in Tables 5 and 5) , is observed to be systematically larger than that of samples including EROs without z phot information (shown in Tables 5 and 5 ). For the majority of samples, the increase in r 0 is 20%, with the exception of samples that have a large number of objects without z phot information.
We speculate that this is because objects without z phot information are likely faint and therefore more likely to have a higher average redshift. When included in the angular clustering measurement, these high-z objects increase the number of uncorrelated pairs and will reduce the angular clustering amplitude. This would be accounted for if the redshift distribution was broader to account for the higher redshift of these faint objects. We note that samples with and without complete z phot information show the same general trends. Since we get better clustering statistics with greater sample size, we use our samples including EROs without z phot for discussion and the samples using only objects with a measured z phot are included as a cross-check. We also show the reduced χ 2 and fitted power law γ for each fit. These three samples are selected using different ERO criteria but show very similar clustering statistics. This suggests similar populations are being selected by all three ERO criteria. Figure 12 . The angular correlation strength of our ERO samples as a function of apparent magnitude and for a fixed slope of γ = 1.80. For clarity, magnitude offsets of +0.05 and −0.05 were applied to the ERO I3.6 and ERO IK data, respectively. Angular clustering is seen to be strongly dependent on sample limiting magnitude. Here we have used Ks ≈ [3.6] + 1.4, based on the average of Ks − [3.6] for our EROs, to place the [3.6] samples on the figure. 
Spatial clustering
The spatial correlation function ξ(r) is related to w(θ) by the Limber (1954) equation,
The characteristic clustering length r 0 gives a measure of the clustering strength, and is related to ξ(r) by its functional form
where r 0 is a measure of the spatial separation at which we expect to find an excess pair of galaxies above a random galaxy distribution, and γ is as previously measured from the angular correlation function. The results of our spatial clustering analysis are given in Tables 5 and 5 for the combined ERO samples and in Tables 5 and 5 for the separated ERO samples. The uncertainty in r 0 was determined from the spread in r 0 values of the angular correlation function models with χ 2 (χ 2 min + 1). Using our magnitude-limited samples we explore the spatial clustering of EROs as a function of limiting luminosity. For clarity and ease of comparison to previous studies we will only discuss results using fixed γ = 1.80. In Figure 14 it is clear that ERO clustering strength is a strong function of apparent magnitude, since EROs occupy a particular redshift range, magnitude is a rough proxy for stellar mass. The ERO RK and ERO IK samples show stronger clustering than the ERO I3.6 samples at similar magnitude limits (as before, we take K s ≈ [3.6] + 1.4, based on the average of K s − [3.6] for our EROs). This could be due to the ERO I3.6 sample having a larger star-forming galaxy fraction.
For the ERO RK and ERO IK samples at a fixed magnitude limit, the clustering strength depends on thez of each sample, in agreement with previous work (e.g., Kim et al. 2011 ). This difference is easily accounted for because the difference inz between these two samples makes the objects in the ERO IK sample on average ≈ 6% brighter for a given limiting magnitude than the ERO RK sample. With this in mind we speculate that there is very little evolution in r 0 for roughly equivalent mass EROs between z = 1.2 and z = 1.0. The difference between the ERO I3.6 sample and the ERO RK and ERO IK samples, we attribute (as above) to the difference in relative starforming to passive ERO fractions.
The brightest ERO I3.6 , ERO RK and ERO IK EROs have clus- tering lengths of r 0 = 10.14 ± 0.76 h −1 Mpc, r 0 = 10.73 ± 0.88 h −1 Mpc and r 0 = 9.88 ± 1.54 h −1 Mpc, respectively, comparable to that of ≈ 4L * local ellipticals (SDSS; e.g., Zehavi et al. 2010) . The faintest of ERO RK and ERO IK samples are still strongly clustered, with r 0 = 6.49 ± 0.34 h −1 Mpc and r 0 = 7.10 ± 0.36 h −1 Mpc, respectively. This is comparable to that of 2L * local ellipticals. With a significantly higher star-forming fraction, the faintest ERO I3.6 sample shows r 0 = 4.90 ± 0.20 h −1 Mpc, similar to ≈ L * local galaxies (SDSS; e.g., Zehavi et al. 2010) . It is clear that a larger starforming fraction leads to reduced clustering strength. Since the star-forming fraction increases with apparent magnitude, this likely contributes to the observed decline of the combined ERO sample clustering length with apparent magnitude seen in Figure 14 .
The strong clustering of the faint ERO RK and ERO IK samples with respect to the faint ERO I3.6 samples suggests that there is a dependence of clustering strength on ERO type. The clustering results for our separated ERO RK and ERO IK K s < 17.9 samples are largely inconclusive due to statistical uncertainties. However, all the type-separated ERO samples show a difference between the clustering of passive and starforming EROs. In the ERO I3.6 samples, which have the smallest uncertainties, there is a stark difference in the clustering between the two ERO types, with the clustering length r 0 of the passive EROs being a factor of ≈ 1.4 greater than that for the star-forming EROs at all 3 magnitude limits. It is clear that star-forming EROs occupy very different environments from passive EROs with comparable apparent magnitudes, and this is discussed further in §4.4.
As a cross-check for the reliability of our ERO separation technique ( §3.2), we tested in the ERO I3.6 sample out to [3.6] < 17.5, the clustering of the 9, 449 24 µm nondetections. For a fixed γ = 1.80 we estimate r 0 = 8.46 ± 0.48 h −1 Mpc, and this agrees well with the clustering length of the corresponding passive sample. We then tested the clustering of the 12, 344 24 µm detections for a fixed γ = 1.80 and estimate r 0 = 6.22 ± 0.40 h −1 Mpc, which is similarly in agreement with the clustering length of the corresponding star-forming sample. Both results are slightly higher than for the color separated EROs. We take this as evidence that color classified passive EROs with 24 µm detections increase the measured clustering length of the sample with 24 µm detections, while star-forming EROs are absent in the sample with no 24 µm detections and hence there is less likelihood of contamination. This conclusion is supported by the majority of color classified passive EROs with 24 µm detections having strong D4000, as seen in Figures 7 and 8 . This confirms ERO type definitions based on 24 µm colors as a robust method for separating star-forming and passive EROs.
Linking EROs throughout z via spatial clustering
The clustering of passive and star-forming EROs with comparable apparent magnitude show that the two ERO subpopulations occupy very different environments. This suggests that these sub-populations of EROs are the progenitors of different local Universe galaxies. In order to make links between EROs and galaxy populations at other epochs, we present comparisons of clustering for passive and starforming [3.6] < 16.5 EROs with samples of some of the largest galaxy clustering studies over 0 < z < 2.5.
For ERO I3.6 [3.6] < 16.5 passive EROs we use the very brightest samples from each available comparison study and place our results in this context in Figure 15 . We have also determined the expected r 0 (z) for dark matter halo samples and a range of minimum halo masses based on the methodology outlined in §4.5. The clustering at fixed minimum halo mass declines with redshift for massive halos (e.g. M halo > 10 13 M ⊙ ). Halo masses however, grow with time and we would expect r 0 for a single, massive, growing halo to be slightly increasing with decreasing redshift. This is also the case for the massive galaxies at their cores. Figure 15 shows that reasonably bright passive EROs are the likely progenitors of 4L * local Universe ellipticals (Zehavi et al. 2010 ). This suggests that bright EROs are the likely descendants of luminous dust-obscured galaxies (DOGs) at z ≈ 2 (Brodwin et al. 2008 ) and the likely progenitors of some of the most massive galaxies in the local Universe (Zehavi et al. 2010 ). Here we compare to the brightest absolute magnitude limited samples of passive red galaxies from Brown et al. (2008) , for each redshift range (green stars). The most massive, stellar mass samples from Wake et al. (2011) , for each redshift range (diamonds), and the least luminous dust obscured galaxy sample from Brodwin et al. (2008) (blue square). The curves show the evolution of r 0 (z) for fixed minimum halo mass, based on the methodology discussed in §4.5.
In the case of our ERO I3.6 [3.6] < 16.5 star-forming EROs, their clustering strength of r 0 = 8.89 ± 1.73 h −1 Mpc, associates them with 2L * local red galaxies (e.g., Zehavi et al. 2010) . Furthermore, when placed into context with comparison studies (Figure 16 ), the expected evolution in clustering for the ERO I3.6 [3.6] < 16.5 star-forming EROs makes these likely progenitors of z < 0.8 passive galaxies. Furthermore, the clustering length of [3.6] < 16.5 star-forming EROs is comparable to that of passive [3.6] < 17.5 EROs. This indicates the possibility of a duty cycle, whereby star-forming EROs turn into passive EROs with significantly fainter apparent magnitudes, which builds a consistent picture. This is evidence that L * local red galaxies are building up stellar mass at z ≈ 1.2. The 24 µm flux limit of MAGES is consistent with that of Luminous Infra-Red galaxy (LIRG) emission at z ≈ 1.2 (Le Floc'h et al. 2005) , which sets the minimum star formation rate of at ≈ 10 M ⊙ year −1 (Noeske et al. 2007 ) for star-forming EROs with [3.6] < 17.5. These galaxies may be undergoing merger-induced star formation or are early forms of present-day ellipticals with continuing/residual star formation.
The above associations provide a strong indication that the ERO population is an earlier form of the elliptical population we observe in the local Universe. In general, the r 0 values for star-forming and passive EROs straddle that of the overall ERO population of the same apparent magnitude, with passive EROs being more strongly clustered than star-forming EROs for a particular magnitude limit. 4.5. Host halo mass As galaxies are biased tracers of dark matter, it is possible to get an estimate of their host halo mass through a direct comparison of their clustering with that of dark matter ha-los. We determine the clustering of dark matter halos from the non-linear dark matter power spectrum. The power spectrum of dark matter is generated using the transfer function of Eisenstein & Hu (1998) , the halo mass function and bias of Sheth & Tormen (1999) , and the halo model of Seljak (2000) . We assume NFW dark matter halo profiles (Navarro et al. 1996) with the concentration scalings of Bullock et al. (2001) . We adopt a simple halo occupation scheme assuming one galaxy per halo. We assume that the EROs represent the spatial distribution of their host halos on the scales of ≈Mpc, and determine their host halo mass by matching the r 0 of the EROs with that of mass limited dark matter halo samples.
This scheme provides crude estimates of the host halo mass, as it neglects the possibility of ERO satellite galaxies, and the correlation function of galaxies is not well described by a power law. A more accurate treatment may be achieved by halo occupation distribution modeling (e.g., Seljak 2000; Peacock & Smith 2000; Zheng 2004; Zehavi et al. 2004 ), which we will address in a future paper. We show the corresponding halo mass estimates for combined ERO samples in Tables 5 and 5 and the separated ERO samples in Tables 5  and 5 . We find our brightest EROs are associated with dark matter halos with masses of the order 10 13 M ⊙ . This host halo mass agrees with that predicted from the halo occupation distribution by Gonzalez-Perez et al. (2011) . The faintest EROs are associated with dark matter halos of ≈ 10 12 M ⊙ . These halo masses agree with the ERO-local galaxy population associations made using the spatial clustering measurements in the previous section.
DISCUSSION & SUMMARY
We present the most statistically robust measurement of ERO clustering to date. The effects of cosmic variance on our results are modest considering that the integral constraint increases w(θ) by only ≈ 3% due to our large survey area. Our redshift distribution was derived from photometric redshifts, which are constrained with spectroscopy, convolved with their photometric uncertainties, and account for catastrophic z phot outliers, making them reliable representations of dN/dz (z). We find clear trends of decreasing clustering strength with apparent magnitude, which roughly translates to stellar mass since the redshifts are similar. Previous studies have hinted at such a relationship, but the samples were too small to draw solid conclusions (e.g., Brown et al. 2005) . Our ERO RK results agree with our previous measurement of ERO clustering in a sub-field of the NDWFS (Brown et al. 2005) . We find that our measured ERO RK and ERO IK clustering lengths are typically lower than those of the previous largest area ERO studies by Kim et al. (2011) and Kong et al. (2009) , but agree within 2σ. It should be noted that both Kim et al. (2011) and Kong et al. (2009) have likely underestimated their uncertainties, as they are based on Poisson uncertainties and assume a diagonal covariance matrix, so the true level of disagreement is smaller.
We tested whether the difference in ERO clustering results can be explained by the different criteria used to define ERO samples. We have clearly shown that the various ERO criteria select similar but not identical galaxy populations. Differences in number density,z and star-forming to passive ERO fraction are likely the main causes for differing estimates of r 0 between selection criteria. The results of ERO clustering studies using different selection criteria should be directly comparable so long as these factors are considered. For example, ERO IK K s < 18.4 EROs possess slightly stronger clustering properties to ERO RK K s < 18.4 EROs, because the difference inz between the samples means that the ERO IK EROs are systematically brighter than the ERO RK EROs. In the case of ERO I3.6 we found that this criterion selected most of the same galaxies as the ERO RK and ERO IK samples, but also a greater surface density of objects for a comparable magnitude. The additional objects included a larger fraction of star-forming EROs than for the ERO RK and ERO IK samples, and this sample then showed systematically lower clustering for similar magnitude limits. This means that when you are trying to link EROs to local galaxy populations by their clustering, you cannot obtain meaningful results unless you separate the passive and star-forming EROs into separate samples.
Our separation criteria, based on the work of Stern et al. (2006) , shows strong separation in both (K s −[24]) and ([3.6]− [24] ) colors between EROs with star formation and those without. The success of this technique is its ability to pick out PAH emission from hot dust at high-redshift and over the redshift range required for ERO samples (Stern et al. 2006; Treyer et al. 2010 ). The ([3.6] − [8.0]) color is less effective because 8.0 µm is no longer sampling strong PAH features at z 1. Likewise the (J − K) color is not useful for most EROs, because it does not bracket or straddle the 4000Å break until z 1.4. Deeper 24 µm data would allow this technique to be used for fainter samples than analysed in this work.
At fixed apparent magnitude, we find that the two ERO sub-populations occupy different environments, with passive EROs being more strongly clustered than those with star formation. The clustering strength for each type-separated ERO sample is also a function of apparent magnitude. In many cases, passive EROs have similar clustering properties to starforming EROs of brighter apparent magnitude. This is consistent with a duty cycle, whereby star-forming EROs turn into passive EROs with significantly fainter apparent magnitudes.
The SSFR seems to be lower in dense environments at low redshift (e.g. Zehavi et al. 2010) , but some studies suggest that this trend changes at z 1.3 (e.g., Cooper et al. 2007) to z ≈ 2 (e.g., Brodwin et al. 2008; Magliocchetti et al. 2008 ). While we observe that EROs without star formation typically occupy denser environments than star-forming EROs, we see evidence for star formation in much denser environments than observed at z < 1. This suggests that a transition between over-densities being dominated by passive galaxies to being dominated by star-forming galaxies could well be occurring at z 1.3, in agreement with the findings of Cooper et al. (2007) and Brodwin et al. (2008) .
Denser environments imply higher mass dark matter halos, and star-forming EROs seem to have host halo masses of up to M halo ≈ 10 13 M ⊙ , an order of magnitude greater than the host halo mass of a typical star-forming galaxy at z = 0 (Zheng et al. 2007 ). The shifting of the peak in star formation to higher mass halos at z > 1 is in agreement with the results of previous high-redshift clustering studies (e.g., Magliocchetti et al. 2008; Wake et al. 2011 ). This could be evidence for "downsizing", where the host halo mass and stellar mass of star-forming galaxies decreases with decreasing redshift. Since a fixed halo mass at high redshift is more biased with respect to the underlying matter distribution (e.g., Sheth & Tormen 1999; Seljak 2000) and therefore has a greater merger and mass accretion rate than at z < 1, this result is not unexpected.
The most significant result of our study is that the passive and star-forming ERO sub-populations are two distinct galaxy populations. Separating the ERO population into its sub-populations has allowed us to place EROs into an evolutionary sequence. Bright passive EROs are the likely progenitors of local 4L * red galaxies, indicating that massive red galaxies have had their star formation truncated prior z ≈ 1.2. We were not able to obtain a clustering measurement for the progenitors of central cluster galaxies as such structures are rare, and as a consequence there are too few of these galaxies to measure their clustering. However, our brightest ERO samples certainly hint that the very brightest EROs are the likely progenitors of the most massive ellipticals in the local Universe.
Interestingly, the clustering of star-forming EROs connects them as the likely progenitors of local L * red galaxies. It may seem peculiar that we detect significant star formation ( 10 M ⊙ /yr; Noeske et al. 2007 ) at z ≈ 1.2 in progenitors of local L * ellipticals. As it is well established that star formation is expected to have ceased in these objects at z ≈ 1.5 (e.g., gravitational lensing; Rusin & Kochanek 2005) . However, red/elliptical galaxies can be modelled with tau models with e-folding times of τ 1Gyr and formation redshifts of z 2. It is thus possible to have a galaxy where the bulk of star formation took place at z 1.5, but at z = 1.2 the SFR is still ≈ 10 M ⊙ year −1 while by z = 0.5 the SFR is negligible. Therefore, we find that local red galaxies, down to L * , in some cases were still building stellar mass via star formation at this epoch. 
Table 3
Summary of combined ERO clustering results (ONLY galaxies with z phot information).
Table 4
Summary of type-separated ERO clustering results (ONLY galaxies with z phot information).
